The XB. and 13C NMR spectra of validamycin A have been assigned by use of 2D homonuclear correlation spectroscopy for protons, and off-resonance decoupling, single frequency off-resonance decoupling, and comparison studies with model compoundsfor carbons. Effects of pH on carbon chemical shifts have also been studied.
Scheme 1. Structures of validamycin A and related compounds.
(aliphatic), 4' (allylic), and 7'a and 7'b (split AB quartet). Moreover, H-4 is assigned by its coupling constant to H-5 (ll.0 Hz), H-l by its coupling constants to H-6ax and H-6e<1 (3.0 and 4.0 Hz), and H-r by its coupling constant to H-2' (5.0 Hz). There was some overlap of multiplets in the region near 3.7 ppm (Fig. 1) , where the assignments were greatly facilitated by employing 2D homonuclear correlation spectroscopy (COSY).10'n) Contour plots of the COSYmaps for 2 (and 1) are shown in Fig. 1 . Four hydroxymethine protons (H-2, H-3, H-5' and H-6') for 2 appear in the range d 3.63 .7 ppmand make up complex multiplets. The coupling constants for two protons, each a doublet of doublets, at 3 3.62 ppm (J=9.5 and 4.0 Hz) and 3.68 ppm (/=10.0 and 5.0 Hz), suggest that each of these signals is due to an axial proton split by vicinal axial and equatorial protons.12) In addition, the contour map for 2 clearly identifies the coupling between H-l and H-2 and between H-l' and H-6'. Therefore, these two peaks can be assigned to H-2 (d 3.62 ppm) and H-6' (d 3.68 ppm). However, resonances for H-3 and H-5' appearing around d 3.65 ppm are not completely dispersed, which leaves their assignments ambiguous. For 1, some of the assignments can be made from chemical shift and coupling constant considerations-H-5, H-6ax, H-6eq, H-7a, H-7b, H-2', H-4', H-7'a and H-7'b. In addition, starting with the anomeric proton H-l" at 5 4.59 ppm, all the resonances due to the glucose protons are assigned completely (Fig. 1) . The observed coupling constants agree with the assignment. Similarly, a 8 in ppm downfield from 3-(trimethylsilyl)propionate (TSP) ; multiplicity; (/ in Hz). b The peak was overlapping those of H-3 and H-6'a so that unambiguous assignment could not be made. c The peaks were overlapping and the assignments thus remained obscure. based on the signals of H-2' at 3 6.07 ppm and H-5 at d 2.16 ppm, the spin coupling network of the protons for the valienamine and validamine units are identified. However,unequivocal assignment of H-6' was not possible due to overlap with the H-3 and H-6"a signals.
The coupling constants indicate that the validamine and valienamine units adopt energetically favorable chair and half-chair conformations,1^respectively, in both 1 and 2.
It is obvious from Table 1 that the introduction of glucose causes down field shifts (0.07~0.28 ppm) for the protons in the validamine unit. Surprisingly, H-l', in the valienamine unit of 1 and thus rather remote from the glucose-bearing carbon (C-4), is also shifted downfield by 0.23 ppm relative to its signal in 2. Assignment of 13C NMRSpectra Since the effects of pH on the carbon shifts in aminocyclitol antibiotics are well known,14) the spectra were recorded together with pH measurements; the results are found in Table 2 .
Validamine (3), Valienamine (4) and Their iV-Methyl Derivatives (5 and 6) First, 13C NMRspectra of 3 and 4, which are components of the antibiotic, were assigned. Carbons bearing nitrogen atoms (C-l and C-r), methylene and methine carbons (C-6 and C-5) and olefinic carbons (C-2' and C-3') were easily assigned on the basis of chemical shifts.
Hydroxymethine carbons (C-2, C-3 and C-4) in 3 were tentatively distinguished on the basis of substituent effects. Thus, it can be argued that the carbon B to an alkyl group (C-4) should appear at the highest field, and that the carbon fl to nitrogen (C-2) should be at higher field than that /3 to oxygen (C-3).f
Applying the same argument to 4, C-6' should appear at higher field than C-5'. Since Ad (pH shift) for the carbon p to nitrogen should be the largest (~3 ppm)15) among those for the saturated P-9 y-and^-carbons, the signal at 5 67.9 ppm (pH 3.5) can be assigned to C-6',^3 to nitrogen, which is found at 70.2 ppm for the free base. However, unambiguous assignments for C-4' and C-5' can not be made because of the similarity in their chemical shifts.
As model compounds for 1 and 2, mono-iV-methyl derivatives of validamine and valienamine (5 f Comparison of the reported spectra of iV-methylcyclohexylamine15) and cyclohexanol16) supports the latter argument. 
Compoundsin aqueous solution were passed through a short column of Amberlite IRA400 (OH~) resin and dried in vacuo overnight with sodium hydroxide pellets in order to obtain their free bases. Multiplicity in off-resonance decoupled spectra. Signals may be interchanged in the column where they appear. The signal is partially overlapping with H-4 in the 1H NMRspectrum. and 6, respectively) were prepared (see Experimental section) and their 13C NMRspectra were measured. Again, the assignments for hydroxymethine carbons were madetentatively, using the same criteria as above.
Upon iV-methylation, a-carbons (C-l and C-l') show the expected downfleld shifts, by 9.1 and 7.6 ppm, respectively, while the remaining carbons show less effect, except C-6, which shifts up field by4.0ppm.
Interestingly, protonation causes an unusually large downrleld shift in valienamine and its Nm ethyl derivative (5.2 ppm in 4 and 7.2 ppm in 6) for C-3', y to nitrogen. This seems to be explicable in terms of an allylic effect, which suggests that a positive charge introduced by protonation of an allylic nitrogen atom could polarize a 7r-bond, resulting in decreased electron density around C-3V
It is also noteworthy that the a-carbons (C-l and C-l') shift slightly downrleld upon protonation, while the iV-rnethyl carbons, also a to nitrogen, shift up field (ca. 1.5 ppm).
Comparing the chemical shifts of 3 and 4 and of5 and 6, it can be deduced that the carbons in the valienamine unit appear at 0.5~4.0 ppm higher field than corresponding carbons in the validamine unit. [18] [19] Validoxylamine A (2) Assignments were madeby use of off-resonance decoupling and SFORD experiments and by comparison of the 13C NMRspectrum with those of 5 and 6. The oleflnic carbons (C-2' and C-3') and the methylene (C-6) and methine (C-5) carbons bearing no oxygenare also easily recognized and distinguished by their off-resonance patterns.
The hydroxymethyl carbons (C-7 and C-7') were identified by the off-resonance decoupled spectrum and by the triplet -> singlet transformation undergone by the higher field signal (C-7') when the center (at ca. 4.2 ppm) of the AB quartet due to the two H-7' protons was irradiated.
Differentiation of C-l and C-1', the only nitrogen-bearing carbons, is also based on SFORD studies. Irradiation of H-l' (near 3.4 ppm) caused a doublet -» singlet conversion for the higher field signal (54.8 ppm). Similarly, irradiation of H-l (near 3.3 ppm), partially overlapping H-4 in the XHNMRspectrum, converted the lower field doublet (56.4 ppm) to a singlet, and there was also a change in the shape and an enhancement in the intensity of the 75.9-ppm resonance," which could then be attributed to C-4. SFORDat H-4' (near 4.15 ppm) afforded a doublet -> singlet conversion of the 73.9-ppm resonance, assigning the C-4' carbon.
It was difficult to apply SFORDfor the assignment of the remaining hydroxymethine carbons (C-2, C-3, C-5' and C-6') because the chemical shifts of their attached protons (H-2, H-3, H-5' and H-60 were nearly identical. The above assignments for C-l, C-l'; C-4, C-4'; and C-7, C-7' indicate that the carbons of the valienamine unit appear upfield relative to the corresponding carbons in the validamine unit, just as they do in the monomers 3~6. If this correlation is considered, the resonance at d 71.8 ppm should belong to a valienamine carbon and that at d 76.8 ppm to a validamine carbon. Moreover, consideration of the effect of the adjacent substituents allows the assignment of the 71.8-ppm signal to C-6', B to nitrogen, and of the 76.8-ppm resonance to C-3, /3 to oxygen. By comparing the chemical shifts of C-2 and C-5' in 3 and 5 as well as in 4 and 6, the higher field signal (d 75.9 ppm) can be tentatively assigned to C-5' and the signal at d 76.0 ppm to C-2. The protonation shift shown in Fig. 2 confirms the above assignments, showing that protonation causes up field shifts of about 3 ppm for C-2 and C-6', ft to nitrogen, and of about 1.2 ppm for C-3 and C-5', y to nitrogen.
Like 7V-methylation of 3 and 4, formation of an imino linkage between 3 and 4 produced significant down field shifts for C-l and C-l' (6.0 and 4.9 ppm, respectively), a to nitrogen, with smaller effects (0.9 to 3.0 ppm) on other carbons. As expected from the shifts in 3, 4, 5 and 6, protonation of 2 resulted in sizable down field shifts for the a-carbons (4.1 ppm for C-l and 4.4 ppm for C-l') and the f-olefinic carbon (7.0 ppm for C-3').
Validamycin A (1) The results obtained for validoxylamine A facilitated the assignment of the 13C NMR spectrum of 1. Assignment of the glucose carbons was based on the chemical shifts for methyl /3-D-glucopyranoside (7).f Comparison of validoxylamine A and validamycin A spectra identifies the C-4 MAR. 1987 carbon as that bearing the glucose unit, in agreement with the revised structure.T he assignments shown in Table 2 are supported by considering glycosidation effects. Thus, glucoside formation produces a 10.9-ppm down field shift for the a-carbon (C-4) and 1.6-ppm and 0.6-ppm upfleld shifts for the /5-carbons (C-3 and C-5, respectively). The^-carbons (C-2 and C-6) shift less than 0.4 ppm. These shifts are in good agreement with the results previously reported for bluensomycin. 2 1) Although the protonation effect observed was similar to that in validoxylamine A, it must be mentioned that the carbons CM, C-l', C-2, C-27, C-3, C-3', C-6 and C-6' exhibited significant linebroadening at pH 6.8 and 6.2, probably due to a rapid equilibration between protonated and nonprotonated forms. Silica gel used for column chromatography was purchased from Brinkmann (particle mesh size 0.05 to 0.2 mm). Solutions were evaporated at 50°C under reduced pressure. Production of Validamycin A (1) Streptomyces hygroscopicus var. limoneus was grown in a seed medium(Tryptone 0.5%, yeast extract 0.3 %, D-glucose 0.3 % and tap water 100 ml) in a 500-ml Erlenmeyer flask at 28°C on a rotary shaker at 20 rpm for 2 days. The seed (5 ml) was then used to inoculate 100-ml portions of production medium (D-glucose 1.0%, soluble starch 5.0%, peptone 1.5 %, corn gluten meal 3.0%, NaCl 0.5 %, CaCO31.0% and distilled water) in a 500-ml flask. The pH of the production medium was adjusted to 9.3~9.5 with NaOHbefore sterilization.
Cultures were incubated at 28°C on a rotary shaker for 7 days. The antibiotic was isolated according to the reported procedure22) and purified further by chromatography over Dowex1-X2 (OH") with water, which gave a colorless powder after solidification from ethanol: NMR,see Tables 1 and 2 , Figs. 1 and 2 ; FAB-MSm/z 498 (M+H).
Validoxylamine A (2) Validamycin A (1) was hydrolyzed according to the reported procedure23) to give 2 in 80%yield:
NMR, see Tables 1 and 2 Racemic Mono-iV-methylvalidamine (5) A solution of 8 (30 mg) in 97% ethyl formate (4 ml) was heated at reflux for 2 hours. The reaction mixture was evaporated to give racemic N-formyl-di-O-isopropylidenevalidamine (10, 32 mg, 96%) as a colorless foam, which on TLC gave a single spot at Rf0.4 (toluene -ethanol, 4 : 1). Without further purification, the product was dissolved in dry THF (8 ml) and the mixture was heated at reflux with lithium aluminum hydride (50 mg) for 7 hours. The excess hydride was destroyed by addition of water and the mixture was evaporated to dryness. The product was chromatographed on a silica gel column eluted with toluene -ethanol (4 : 1). The fractions containing a single spot at Rf 0.2 (toluene -ethanol, 4 : 1) were combined and evaporated to give racemic mono-iV-methyl-di-0-isopro- Racemic Mono-7V-methylvalienamine (6) Compound 12 (20 mg) was iV-formylated with 97% ethyl formate (4 ml) as described for the preparation of 10. After evaporation, the residual syrup of racemic A^formyl-di-O-isopropylidenevalienamine (13, 22 mg, 99%), giving a single spot at Rf 0.5 on TLC (toluene -ethanol, 4 : 1), was dissolved in dry THF (8 ml) upon heating. To the solution was added lithium aluminum hydride (40 mg) and the mixture was heated at reflux for 7 hours. Compound 14 (15 mg) was hydrolyzed and the product was purified in the same manner described for the preparation of5 to give 6 (9.5 mg, 96% from 14) as a colorless syrup: 2H NMR(D2O) 3 2.24 
